Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to Department of Defense. Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway. Suite 1204, Arlington. VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law. no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.
REPORT DATE
XX
PERFORMING ORGANIZATION REPORT NUMBER

ECBC-TR-817
SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
SPONSOR/MONITORS REPORT NUMBER(S)
DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution is unlimited.
SUPPLEMENTARY NOTES
*Now known as the U.S. Army Public Health Command (PROV).
ABSTRACT
The ability to decontaminate microorganisms with a broad band pulsed light system has been demonstrated . This study will allow the effects of the pulsed lamp decontamination effects on MS2 bacteriophagc and tomato bushy stunt virus to be analyzed quickly without historical microbiological techniques. The Integrated Virus Detection System can analyze multiple samples quickly and allows rapid determination of pulsed lamp effects.
SUBJECT TERMS Virus detection Biological agents Decontamination
Differential mobility analyzer Electrospray MS2
Condensation particle counter Pulsed Lamp Broad band spectrum This report will examine the effects of MS2 bacteriophage and tomato bushy stunt virus (TBSV) exposure to filtered and unfiltered pulsed lamp exposure. Various filters will be placed in the path of the lamp to determine effects of wavelength on the decontamination of MS2 and TBSV. Sample virus content will be analyzed with the Integrated Virus Detector System (IVDS) before and after exposure to the pulsed light.
2.
EXPERIMENTAL SETUP
Pulsed Lamp Setup
The pulsed lamp is housed in a stainless steel enclosure, 24 in. x 18 in. x 20 in., centered on the inner top panel, parallel to the opening. The enclosure is interlocked to disarm the control panel in the event the door is either open or opens during experimentation. Adjacent to the enclosure is the electronics for activating the lamp. The control panel allows the repetition rate to be set from 1 to 9 pulses. More pulses can be activated by reactivating the start button. Samples were centered under the lamp in the enclosure. A filter hood was used in all experiments to allow the placement of various filters in the light path to examine the effects of different wavelengths. The filter hood schematic and distance from the lamp is shown in Figure 1 . The virus samples were exposed in a 6 well microscope slide. The slide, shown in Figure 2 , is 2 in. x 3 in. x % in. thick. The wells are 3/64 in. deep.
Filter Information
Various filters were used to attenuate the energy or wavelength from the pulsed lamp before impingement on the virus samples. The filters were measured by the U.S. Army Center for Health Promotion and Preventive Medicine (USACHPPM) to determine actual wavelength cutoffs for each filter. The filter measurements arc shown in Figures 3, 4 , 5, and 7. Large and small Petri dishes, the area of the Petri dish with the logo (Figure 6 ), and the well sample holder (Figure 8 ) were also measured. The Petri dishes all allow transmittance in the visible, while blocking the UV below 310-325 nm at 50% transmittance (T). The Petri dishes should be uncovered when used in subsequent experiments for pulsed light effects. The well slide blocks the UV below 325 nm at 50%T, and there should not be a large effect from secondary bounces from the stainless surface below the slide.
The pulsed lamp was also measured with two radiometers (IL 1400 and 1L 1700) with various bandpass filters. The measured fluence with the different filters is shown in Tables  1 and 2. 2.3
IVDS Description
The virus samples were analyzed using the IVDS. The detection stage of the IVDS consists of an electrospray unit to inject samples into the detector, a differential mobility analyzer (DMA), and a condensate particle counter (CPC), shown in Figure 9 .
The electrospray unit subjects a conductive liquid to a strong electric field. The field produces a cone that emits a fine jet that then breaks up into small droplets and forms a fine plume. To eliminate the possibility of the breakdown (corona discharge) of the air in the plume, as caused by the high electric field, the spray tip is surrounded by a flow of CO:, which will prevent corona discharge.
The DMA separates particles by their electrical mobility in air. The sample stream flows through a gap between a rod and a cylinder with an electrical potential between the two. Particle mobility, which is related to size and charge, will either pass particles through the DMA or impinge on the walls. With singly charged particles, which are generated by the electrospray, the mobility becomes a direct measure of the particle size.
In the CPC, the sample particles flow in tandem with a saturated working fluid of butanol. The nanosized particles initiate the condensation of the butanol. and the stream is then cooled. A standard optical counter can then count the butanol-condensed particles, and the results are displayed via the supplied software.
A complete description of the IVDS system, including the detector, can be found in ERDEC-TR-453.
RESULTS
IVDS Results
• MS2 Bacteriophage Unfiltered. The MS2 bactcriophage, #D4, was measured with the IVDS prior to each set of pulsed light exposures, when there was a new dilution from the stock sample. The wells of the microscope slide were filled with 100 ul of solution. For multiple exposures, the samples were left in the wells until the target number of pulses was reached. For example, if there was to be a sample with 10 pulses and another with 20 pulses, two wells would be filled. The two wells would then be pulsed 10 times with one well being emptied after pulsing. The remaining well would then be subjected to another 10 pulses, and the sample would be removed. The second well would then have received 20 pulses. Multiple well samples could then be compared as the same stock sample was exposed to differing pulse counts.
To determine the effects of the pulsed light on a sample of MS2 bacteriophage, #D4, the well slide was filled individually with 100 pi MS2 in each well. The stock sample of MS2 #D4, as analyzed with the IVDS, is shown in Figure 10 . The slide was placed under the filter holder, without any filter. The slide was pulsed with 5 pulses each, and one well was removed after each pulse session, resulting in samples with 5, 10, 15, 20, 25, and 30 pulses each. The samples were analyzed with the IVDS, and the results are shown in Figure 11 . The peak counts from the IVDS graph are shown in Table 3. • MS2 GG400 Filter. Three wells in the well slide were filled with MS2 #D4 after its dilution from the stock sample. The new dilution is shown in Figure 12 . The slide was placed under the filter holder with the GG400 filter in place. The samples were pulsed for 10, 20, and 30 pulses each. The IVDS analysis of the pulsed sample is shown in Figure 13 . The top section of the IVDS scan is shown for clarity of defining the peak counts. The peak counts from the IVDS graph for the GG400 filter are shown in Table 4. • MS2 WG320 Filter. Three wells in the well slide were filled with MS2 #D4 after its dilution from the stock sample. The slide was placed under the filter holder with the WG320 filter in place. The samples were pulsed for 10, 20, and 30 pulses each. The IVDS analysis of the pulsed sample is shown in Figure 14 . The top section of the IVDS scan is shown for clarity of defining the peak counts. The peak counts from the IVDS graph for the WG320 filter are shown in Table 5 .
• MS2 VVG225 Filter. Three wells of the well slide were filled with MS2 #D4 after its dilution from the stock sample. The slide was placed under the filter holder with the WG225 filter in place. The samples were pulsed for 10, 20, and 30 pulses each. The IVDS analysis of the pulsed sample is shown in Figure 15 . The top section of the IVDS scan is shown for clarity of defining the peak counts. The peak counts from the IVDS graph for the WG225 filter are shown in Table 6. • MS2 UV Cold Mirror. Three wells in the well slide were filled with MS2 #D4 after its dilution from the stock sample. The new dilution is shown in Figure 16 . The slide was placed under the filter holder with the UV cold mirror filter in place. The samples were pulsed for 10, 20, and 30 pulses each. The IVDS analysis of the pulsed sample is shown in Figure 17 . The top section of the IVDS scan is shown for clarity of defining the peak counts. The peak counts from the IVDS graph for the UV cold mirror filter are shown in Table 7. • MS2 IR Suppression. Three wells in the well slide were filled with MS2 #D4 after its dilution from the stock sample. The slide was placed under the filter holder with the IR suppression filter in place. The samples were pulsed for 10. 20, and 30 pulses each. The IVDS analysis of the pulsed sample is shown in Figure 18 . The top section of the IVDS scan is shown for clarity of defining the peak counts. The peak counts from the IVDS graph for the IR suppression filter are shown in Table X. • TBSV Unfiltered. Three wells in the well slide were filled with TBSV after its dilution from the stock sample. The TBSV dilution is shown in Figure 19 . The slide was placed under the filter holder without a filter in place. The samples were pulsed for 10, 20, and 30 pulses each. The IVDS analysis of the pulsed sample is shown in Figure 20 . The peak counts from the IVDS graph for the unfiltered sample are shown in Table 9. • TBSV WG225 Filter. Three wells in the well slide were filled with TBSV after its dilution from the stock sample. The slide was placed under the filter holder with the WG225 filter in place. The samples were pulsed for 10, 20, and 30 pulses each. The IVDS analysis of the pulsed sample is shown in Figure 21 . The peak counts from the IVDS graph for the WG225 filter are shown in Table 10 .
DISCUSSION
The pulsed light exposure reduced the IVDS counts of MS2 and TBSV. The more UV light available to the sample produced a greater reduction in counts. The WG225 filter allowed the most UV to pass and produced the largest reduction in counts except for the unfiltered pulsed light exposure.
The reduction in counts for 30 pulses did not always result in a linear reduction in counts. As shown in Figure 2 , the well plate used for the virus solutions is not symmetrical. The wells are shifted off center. The large pulse counts, typically 30 pulses, were always in the wells that were closest to the edge of the well slide. As the well edge was right against the edge of the filter holder, there may be a shadowing effect from the holder that reduces the pulsed lamp exposure. This may explain the non-linearity of the higher pulse exposures not having an increasing reduction of counts in some cases. Further experimentation is warranted to determine if the shadowing has affected the results. Future experiments will have a symmetrical well plate for exposing the materials to the pulsed light.
CONCLUSIONS
The pulsed light exposure reduced the counts of MS2 and tomato bushy stunt virus. Analysis with the Integrated Virus Detector System showed that the higher the number of pulses from the light, the larger the reduction in counts in the sample. There was also a greater reduction in counts when the filters used allowed more UV light to penetrate to the sample. This does not indicate that reduced counts are attributed only to UV wavelengths. Another experiment may resolve this question. Results do indicate that the killing effect observed from the pulses is additive. This further indicates that hardy microbes could be killed by increasing either the power of the lamp or the number of pulses. 
